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Tube Reactors 



We, Badische Anion- & Soda-Fabrik 
Aktiengeseixschaft, a German Joint 
Stock Company of Ludwigshafen/Rhein. 
Federal Republic of Germany, do hereby 

5 declare the invention, for which we pray 
that a Patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
following Statement: — 

10 This invention relates to a tube reactor 
for carrying out endothcnmic catalytic re- 
actions. The reactor is suitable for example 
for dehydrogenation of paraffinic and 
naphthenic hydrocarbons and their deriv- 

15 ates, particularly for the dehydrogenation 
of alcohols. 

Lx>ng kilns having built-in heating coils 
have hitherto been used for endothermic 
catalytic reactions. It has been very difficult 

20 to introduce into the furnace the heat 
required for the reaction. Very large fur- 
naces have therefore been necessary, and 
these contained considerable amounts of 
catalyst in relation to the initial materials 

25 introduced. A change-over to tube reactors 
then took place in which less catalyst is 
required and considerably better space- 
time yields are achieved. In order that the 
heat supplied may reach into the interior 

30 of the catalyst tubes, tubes having small 
internal widths for example of 20 to 60 
mm have been chosen. Uniform distribu- 
tion of temperature is obtainable in these 
tubes. To achieve good utilization of 

35 space in the reactors, a very large num- 
ber of tubes, for example 4,000 to 6,000. 
is arranged in the reactor. Charging these 
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lubes with pieces of catalyst is very diffi- 
cult and takes a long time, particularly as 
each tube should contain the same amoimt 40 
of catalyst and offer the same resistance to 
the passage of vapours. To achieve uni- 
lorm distribution of heat in the tube re- 
actors it is necessary to use a liquid, for 
example a high boiling point oil, diphenyl 45 
or the like. Owing to the weight of these 
charges, a particularly cxp>ensive construc- 
tion of the lower tube header is necessary. 

We have now found that the said dis- 
advantages in a tube reactor are obviated 50 
when iJie tubes have a diameter of at least 
70 mm and are distributed over the cross- 
section of the reactor in such a way that 
a central space if left free of tubes and 
when throughout the height of the reactor 55 
baffle plates are arranged alternately on 
the reactor wall and in the central space 
to deflect a gaseous heating medium which 
is passed through the reactor in cocurrent 
with the substances to be treated. 

The cylindrical space which is left free 
of tubes in the center of the reactor may 
have a cross-section amounting to 7 to 
25%, advantageously 9 to 20%, of the 
total cross-section of the reactor. 

It is advantageous to provide at one end 
of tiie reactor an annular duct which com- 
municates with the interior of the xcactof. 
by openings for the supply of a heating 
gas, and to provide a similar duct at the 70^ 
other end for l3ie withdrawal of the heat- 
ing gas. The point of entry of the heating 
gas is advantageously constructed so that 
the current of gzis is divided into two por- 
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ticas which pass through the annulai duct 
in different directions. This may be 
achieved for example by the provision of 
distributing means in the shape of the bow 
5 of a ship. The openings for the passage of 
the gas into the interior of the reactor are 
advantageously formed as slots v/hich 
gradually increase in size in the direction 
of flow. The cross-section of the annular 

10 duct should be 5 to 20%, particularly 7 to 
16%, of the cross-section of the reactor. 
The heating gas is introduced at the end 
of the reactor at which the substances to 
be treated are introduced into the tubes 

15 filled with catalyst, so that the two pass 
cocurrently throu^ the reactor. Baffle 
plates are arranged in the central part and 
along the wall of the reactor so that the 
main flow of the heating gas is deflected 

20 alternately toward the middle and to- 
ward the wall of the reactor. These baffle 
plates in the central portion of the reactor 
should be large enough to occupy at least 
90% of the central portion of the reactor 

25 which is free of tubes, and preferably 
large enough to project into the part of 
the reactor provided -with tubes. These 
baffle plates which are arranged substan- 
tially perpendicular to the tubes have the 

30 form of coherent or perforated discs. It is 
advantageous for the portion of these 
baffles which is in the portion of the re- 
actor free from tubes to be substantially 
closed, whereas any portion of the baffles 

35 which projects into area occupied by the 
tubes is advantageously perforated. _ The 
discs advantageously have a size which is 
about 25 to 60% of the cross-sectional 
area of the reactor. Further baffle plates 

40 are provided along the wall of the re- 
actor, these baffles having the shape of 
rings in contact with the wall. Their cross- 
sectional area may be about 50 to 75% of 
the cross-sectional area of the reactor. 

45 Baffle plates are preferred which have as 
many perforations as possible, the diam- 
eter of the perforations being 3 to 10 ram 
depending on the size of the reactor. In 
this way it is not the whole of the stream 

50 of gas which is deflected, but some of it 
passes through the baffle plates. Dead 
comers are thus avoided. The two types 
of baffle plate are arranged alternately at 
different heights. It is advantageous to ar- 

55 range the baffle plates so that the heating 
gas stream first meets a baffle plate 
mounted on the reactor wall. The number 
of baffle plates to be installed in the re- 
actor depends particularly on the length 

^0 of the reactor. In conventional industrial 
reactors, which have a length of about 6 
to 20 m, the baffles are spaced apart by 
about 50 cm to 2 m. Another annular duct 
is provided at the other end of the reactor 

65 through which the heating gas leaves the 



reactor. The exhaust gas is heated up and 
for the most part returned to the reactor 
by means of a blower. The heat of the 
healing medium is uniformly distributed 
over the whole cross-section of the individ- 70 
ual tubes by tlie construction of tube re- 
actor according to this invention so that an 
equal conversion is achieved in each tube. 
In this way it is possible, in comparison 
with prior art tube reactors, to choose 75 
tubes having a larger diameter and to use a 
gas instead of a liquid as heating medium- 
The time required for replacing catalysts 
may then be shortened considerably. Fur- 
thermore the number of tubes for a given 80 
reaction space may be lessened consider- 
ably and the amount of catalyst increased. 
Depending on the length of the reactor and 
its diameter which is usually about 1 to 5 
m, about 70 to 250 tubes are required. 85 
The ratio of tube diameter to tube length 
should be between about 12:1000 and 
17:1000, and the diameter of the tubes ad- 
vantageously varies between 7 and 12 cm, 
particularly 8 to 12 cm. The length of the 90 
tubes, with the above-mentioned dimen- 
sions of the reactor, may vary between 5 
and 12 m. The individual tubes are spaced 
apart from each other by 15 to 60 mm, 
particularly 20 to 50 mm. 95 

A tube reactor constructed in accordance 
with this invention is particularly suitable 
for the dehydrogenation of paraffinic and 
naphthenic hydrocarbons and their deriv- 
atives. The reactor is particularly suitable 100 
for the dehydrogenation of substances 
which are sensitive to high temperatures, 
such as alcohols, for example cyclohexanol, 
alkylated cyclohexanols whose alkyl groups 
contain one to four carbon atoms, pro- 105 
panol and but^nol. The alcohols may be 
converted into the corresponding ketones 
practically without any intramolecular de- 
hydration. For this purpose, the tubes arc 
filled with conventional catalysts having 110 
dehydrogcnating or cracking action, in the 
form of" pieces, for example balls,, cylin- 
ders, pellets and cones. They may consist 
of metals of groups I B to VIII B of the 
Periodic Chart (Handbook of Chemistry 115 
and Physics, Chemical Rubber Publishing 
Co., 43rd edition, pp. 448-449), for ex- 
ample copper, zinc, molybdenum, tungsten, 
manganese, iron, nickel or cobalt, particu- 
larly^ in the form of their compounds, for 120 
example oxides, phosphates or halid£s. The 
said catalysts may be supported on con- 
ventional carrier materials, such as pumice, 
silicic acid, titanium oxide, aluminas and 
the like, or carriers having good thermal 125 
conductivity, such as materials containing 
iron oxide, for cxanaplc a substance ob- 
tained in the production of aluminum and 
containing 50% Fe.O^. 24% AI,0„ 3% 
SiO.s 8% TiO> 3% CaO and 4% Na,0. 130 
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The invention will now be described with 
reference to the accompanying drawings in 
which a tube reactor is shown diagram- 
matically by way of Example. Figure 1 
5 being a s^ctioaal elevation and Rgure 2 a 
section on the line A-B of Figure 1. 

Heating gas is introduced through line 
1, is divided into two partial streams by a 
distributor 9 shaped like a ship's bow and 

30 then passes into annular duct 2 and 
through openings 3 into the interior of the 
reactor. The heating gas is deflected sev- 
eral times in direction during its passage 
through the reactor by baffle plates 4. The 

15 gas then collects at the opposite end of 
the reactor in an annular duct 5 and is 
withdrawn through line 6. The substances 
to be dehydrogenated are introduced into 
the reactor through inlet 7 and the reac- 

20 tion product leaves the reactor through 
pipe 8. 

The following Examples will further 
illustrate this invention. 

Example 1 

25 4.000 kg per hour of pure cyclohexanol 
is heated up to about ISCC in a heat ex- 
changer by means of hot vapors and gases 
leaving a tube reactor, and is then supplied 
to a column packed with Raschig rings 

30 which is connected to a circulating evapor- 
ator The level of liquid at the bottom of 
the column is kept constant 10 kg of com- 
ponents of high boiling point is with- 
drawn per hour at the bottom. The vapors 

35 leaving the column are then passed into a 
second heat exchanger which is heated 
with reaction product coming direct from 
the tube reactor and then passed at a tem- 
perature of 260 °C into the tube reactor. 

40 The reactor contains 117 tubes each hav- 
ing an internal diameter of 100 mm. The 
diameter of the tube reactor is 1.80 m and 
its height is 9 m. Each of the tubes is 6 
m in length and filled with 5 m^ of a 

45 catalyst consisting of pumice to which 
10 % by weight of metallic copper has 
been applied. The tubes are spaced apart 
from each other by 30 mm, and are paral- 
lel to the wall of the reactor. The space 

50 left free in the middle has a cross-section 
which is about 13% of the cross-section of 
the reactor. The upper end of the reactor 
is provided with an annular duct about 1 
m in height whose cross-section is about 

55 10% of 5ie cross-section of the furnace. 
35,000 m' (S.T.P.) of heating gas at a tem- 
perature of 390*" C is introduced hourly 
into this duct Spaced apart by distances 
of 1.5 m, baffle plates are arranged alter- 

60 nately on the wall of the reactor and in 
the central space of the reactor. The cross- 
section of the baffle plates provided on 
the wall is about 60% of the cross-section 
of the reactor. The baffle plates in the 

65 middle of the reactor cross-section, which 



is free of tubes, are closed, whereas the 
part of the baffle plates which projects be- 
tween the tubes has holes which are 5 mm 
in diameter. The total size of the bafQ© 
plates inclusive of the holes, is 45% of the 70 
reactor cross-section, and the total area of 
the holes (0.23 nf) is about 10% of the 
area of the baffle plates. The speed of the 
heating gas. whose jflow is deflected several 
times by the baffle plates within the re- 75 
actor, is 6.5 m/sec. 3,842 kg per hour of 
a liquid reaction product is obtained from 
which by distillation 2,998 kg of cyclo- 
hexanon and 734 kg of cyclohexanol arc 
obtained. go 
Example 2 

By leading 3,000 kg per hour of second- 
ary butanol through Jhe reactor described 
in Example 1 under otherwise the same 
conditions, 2.600 kg of methyl ethyl ketone 85 
is obtained. 

WHAT WE CLAIM IS: 

1. A tube reactor, particularly for cata- 
lytic dehydrogcnation of paraffinic and 
naphthenic hydrocarbons and their deriva- 90 
tives. comprising a plurality of tubes each 

of which has a diameter of at least 70 mm. 
said tubes being distributed over the cross- 
section of the reactor so that a central 
space is left free from tubes, a pluraHty of 95 
baffle plates substantially perpendicular to 
the tubes and located alternately against 
the reactor wall and in the center of the 
cross-section of the reactor to deflect a 
gaseous heating medium which is passed 100 
through the reactor between the tubes in 
the same direction as the substances to be 
treated are passed through the tubes. 

2. A tube reactor as claimed in claim 

1 wherein the ratio of tube diameter to 105 
tube length is from 12:1000 to 17:1000 
with a diameter of the tubes of from 70 to 
120 mm. 

3. A tube reactor as claimed in claim 

1 or 2 wherein the cross-sectional area of 110 
the free space in the middle of the reactor 
is 7 to 25% of the total cross-sectional 
area of the reactor. 

4. A tube reactor as claimed in claim 

3 wherein said cross-sectional area is 9 to 115 
20% of the total cross-sectional area of 
the reactor. 

5. A tube reactor as claimed in any of 
claims 1 to 4 comprising annular ducts 
arranged one at each end of the reactor 120 
and having openings communicating with 

the interior of the reactor for the supply, 
and withdrawal of a gaseous heating ' 
medium. 

6. A tube reactor as claimed in claim 125 
5 wherein the annualar duct serving for the 
supply of the heating mediimi is provided 
v/ith distributing means to divide the in- 
flowing heating medium into two portions 
which pass through the annular duct in 130 



N.SDOCID: <GB 10O4234A I > 



1,004^34 



of^o^te directions. 

7. A tube reactor as claimed in claim 
6 wherein .the openings which communi- 
cate between the said annular duct and the 

5 interior of the reactor are slots which 
gradually increase in size in the direction 
of flow. 

8. A tube reactor as claimed in any of 
claims 5 to 7 wherein the cross-sectional 

10 area of each annular duct is 5 to 20% of 
the cross-sectional area of the reactor. 

9- A tube reactor as claimed in claim 
8 wherein the cross-sectional area of each 
annular duct is 7 to 16% of the cross- 

15 sectional area <rf the reactor. 

10. A tube reactor as claimed in any 
of claims 1 to 9 wherein the area of the 
central baffle plates is 25 to 60% of the 
cross-sectional area of the reactor. 



11. A tube reactor as claimed in any 20 
of claim 1 to 10 wherein the baffle plates 
located against the reactor wall are annu- 
lar in shape and have an area of 50 to 
75% of tlic cross-sectional area of the 
reactor. 25 

12. A tube reactor substantially as 
herein described with reference to the ac- 
companying drawing. 

13. A tube reactor substantially as 
described in Example 1. 30 

J. Y. & G. W. JOHNSON, 

Furnival House, 
14-18. High Holbom, 

London, W.C.1. 
Chartered Patent Agents, 
Agents for the Applicants. 
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/ SHEET jjj^j drawing Is a reproduction of 
the Original on a reduced scale. 
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